ABSTRACT
In India, groundnut is grown over an area of 5.55 million hectares with a total production of 9.67 million tonnes and an average productivity of 1750 kg ha-1.
Its cultivation is mostly confined to southern states viz., Andhra Pradesh, Karnataka, Tamil Nadu and Maharashtra. The other important states, where it is grown are Gujarat, Madhya Pradesh, Rajasthan, Uttar Pradesh and Punjab. Among the major groundnut producing states in India during the year 2013-14, Gujarat is the largest groundnut producer (25 per cent), followed by Tamil Nadu (22.48 per cent), Andhra Pradesh (18.81 per cent), Karnataka (12.61 per cent) and Maharashtra (10.09 per cent). In area, Gujarat ranked first with 1.83 m ha, followed by Andhra Pradesh (1.38 m ha), Karnataka (0.65 m ha), Tamil Nadu (0.33 m ha) and Maharashtra (0.31 m ha), whereas in productivity, Tamil Nadu stood first with 2382 kg ha-1, followed by Gujarat (1603 kg ha-1), Maharashtra (1247 kg ha-1), Karnataka (705 kg ha -1) and Andhra Pradesh (650 kg ha-1) (Anon., 2014; Anon., 2015).
Engineering properties are useful and necessary in the design and operation of various farm equipments employed for agricultural operations (Sahay and Singh, 1994) . The important engineering properties namely physical, mechanical, aerodynamic and frictional properties, which are directly related to the machine development, were determined in the present study. Basic information on these properties is of great importance and help for the engineers and scientists towards the equipment development and its efficient operation. The knowledge of engineering properties is important for design, development and efficient operation of thresher.
In recent years, many scientists have worked on the physical properties of some agricultural products, grains and 
MATERIALS AND METHODS
Pods of six groundnut varieties viz., ICGV-00351, KADARI-9, R-8808, R-2001-2, R-2001-3 and TMV-2 were selected for determining the engineering properties. For all the experiments, the samples were collected from Research farm of University of Agricultural Sciences, Raichur, Karnataka, India. The pods were selected randomly from the bulk samples of each variety. The following engineering properties were determined by using standard procedure as explained below.
Physical Properties of Groundnut Pods
A specific knowledge of the physical properties of groundnut pods such as length, width, thickness, thousand pods weight, roundness, perimeter, geometric mean diameter, arithmetic mean diameter, sphericity, surface area, square mean diameter, equivalent diameter, aspect ratio, bulk density and pod-vine ratio is essential for design of threshing equipment in order to decide the cylinder speed, concave clearance, sieve sizes and seed drop mechanisms. The size and shape of pods were also important physical properties for separation of pods from the vine and foreign material. Hence, the physical properties of commonly grown six groundnut varieties viz., ICGV-00351, KADARI-9, R-8808, R-2001-2, R- 2001-3 and TMV-2 were determined by using standard procedure and techniques.
Dimensions of the Groundnut Pods
Fifty pods were randomly selected from the bulk sample in order to determine the size and shape of the pods. For each pod, three principal dimensions, namely length, width and thickness were measured using a vernier caliper with an accuracy of ± 0.01 mm (Aydin, 2007; Bamgboye and Adebayo, 2012) .
Roundness
Roundness is a measure of the sharpness of the corners of solid materials. Fifty pods of groundnuts were randomly selected from the bulk sample. The roundness of irregular particle was determined by most widely accepted method (Sahay and Singh, 1994; Maduako and Hamman, 2004) . The selected samples were opened along their line of symmetry (length wise) into two halves after measuring their lengths using vernier calipers. The shape of one-half of each sample at its natural rest position was traced on paper. The largest inscribed circle and the smallest circumscribing circle were constructed on each tracing paper and the diameters of both circles were noted. The area of the smallest circumscribing circle (A c ) was calculated and the largest projected area (A p ) of each sample was measured using a planimeter. Then the roundness was determined using the following expression; 
Sphericity
Sphericity (φ) may be defined as the ratio of the diameter of a sphere of the same volume as that of the particle and the diameter of the smallest circumscribing sphere or generally the largest diameter of the particle. This parameter shows the shape character of the particle relative to the sphere having same volume. The degree of sphericity (φ) was determined using following formula (Mohsenin 1986; Singh et al., 2010) measured with a digital vernier caliber with an accuracy of ±0.01 mm. The average diameter was calculated by using the arithmetic mean and geometer means of the three axial dimensions. The arithmetic mean diameter (D a ) and geometric mean diameter (D g ) of the groundnut pods were calculated by using the following relationships (Mohsenin, 1986; Bahnasawy, 2007) .
Surface Area
Knowledge of surface area of some parts of plant materials such as leaf area and surface area of pods, are important to scientists and agricultural engineers for development of farm equipments. The surface area (S) of groundnut pod was determined by analogy with a sphere of the same geometric mean diameter, using the expression cited by Davies and Zibokere (2011), Jouki and Khazaei (2012) .
Aspect Ratio
The aspect ratio (R) was calculated by applying the following relationship (Davies, 2009 ). 
Moisture Content
The moisture content of groundnut pods and vines were determined using the hot air oven method. The initial weights of samples were recorded using the electronic balance. Triplicate samples were dried in hot air oven set at temperature of 105°C ± 2 (ASAE, 1994) and monitored over a period of 24 hours at 6 hour intervals until the weights of the samples were found to be constant. The moisture content of groundnut pod and vine were calculated by using following relationship. 
Pod-Vine Ratio
Ten samples of groundnut pods with vine, each weighing about 1 kg were selected randomly from bulk sample and fully matured pods were removed from the vine. The weight of pod and vine were recorded separately using an electronic balance having 0.01g accuracy. The trials were replicated thrice for all the varieties and observations were recorded and average values were reported as the percentage of the mass of the pod to vine ratio.
Mechanical Properties of Groundnut Pods
Threshing of groundnut pod is an operation in which haulm failure is induced by tension or shear stress. The rheological properties of the pod and crop and its behaviour under different methods of force application would determine the effectiveness of threshing and damage to the pod in a mechanical device. The properties would also determine the energy requirement for threshing with a given mode and rate of load application.
With the above points in view, the structural characteristics of pod-vine system were studied by subjecting the pods and haulms to different forms of stresses. The structural properties are inter-related to moisture content and variety of pod.
Force of Attachment of Pod
The force required to separate the groundnut pod from plant is an important factor, which plays a major role in the design of groundnut thresher. The force required for separation should be just more than the force of attachment 
Aerodynamic Properties of Groundnut Pod and Vine
The cleaning process in a thresher often uses air as a carrier for separating the desirable product from the unwanted materials. The air flow occurs around the solids and the problem involves the action of the forces exerted by the air on these solids. The behaviour of particles in an air stream is governed by their aerodynamic properties (Klenin et al., 1985) . It becomes necessary to have knowledge of aerodynamic properties such as terminal velocity of the materials which is required for the design of air conveying systems and the separation equipment (Sahay and Singh, 1994) .
Terminal Velocity
The terminal velocity of the particle may be defined as the air velocity at which a particle remains in suspended state in a vertical pipe. When air stream is used for separation of a product such as pods from its associated foreign materials, the knowledge of terminal velocity of all the particles involved would define the range of air velocities affecting good separation of the pods from foreign materials. For these reasons, terminal velocity has been used as important aerodynamic properties of materials in such applications as conveying and separation from foreign materials (Mohsenin, 1986 ).
In order to thresh the grains with stationary thresher and cleaning unit, it is important to know the aerodynamic property of grain and straw. By defining the terminal velocity of different threshed materials, it is possible to determine and set the maximum possible air velocity in which material other than grain can be removed without loss of grain (Zewdu, 2007).
The terminal velocity was measured using a test stand as shown in Plate 2. It consists of a vertical transparent glass tube of 450 mm long with a diameter of 60 mm, which was used to suspend the particles in an air stream. The air was supplied by a suction blower fan powered by an electric motor. The air pressure delivered from the fan was aspired via a pipe to the orifice plate through a throttle. The test was carried out by placing the sample on a mesh screen in vertical transparent glass tube. The fan discharge was increased manually until the particles were under suspension. The air velocity was measured at the top of vertical glass tube by using digital anemometer having a least count of 0.1 m s -1 and data was recorded (Sayed et al., 2001 ).
Frictional Properties of Groundnut Pod
The frictional properties such as angle of repose and coefficient of friction are important in designing of hoppers, chutes, pneumatic conveying systems, screw conveyors, forage harvesters, threshers etc. In mechanical and pneumatic conveying systems, the materials generally move or slides in direct contact with the trough, casing and other components of the machine. Thus, various parameters affect the power requirement to drive the machine. Among these parameters, the frictional losses are one of the factors which must be overcome by providing additional power to the machine. Hence, the knowledge of frictional properties of the agricultural materials is necessary; therefore, following frictional properties of the groundnut pods were determined as explained below.
Angle of Repose
The angle of repose is the angle between the base and the slope of the cone formed on a free vertical fall of the granular material to a horizontal plane. A tapering hopper (Plate 3) made of sheet metal with the top and bottom having a dimension of 300 x 300 mm and 100 x 100 mm, respectively and a height of 300 mm was used to measure the angle of 
Crop Parameters of Selected Groundnut Varieties
The general parameters of the groundnut varieties selected for the study are presented in The number of pods per plant counted in plants of six varieties were analysed and the data was presented in Table   1 . It was observed that maximum pods per plant were in TMV-2 (21.07) and minimum of 11.87 pods were in ICGV 00351 variety plants. The mean value was found to be 15.43 with a deviation of 3.31. The mean weight of thousand pods for all the varieties was found to be 1273.92 g with a deviation of 107.73 g ( Table 1 ). Similar findings were reported by 
Engineering Properties of Selected Groundnut Varieties
In order to have flexibility in using the groundnut thresher, for different varieties of groundnut for reducing the variation in the output, the engineering properties of commonly grown six groundnut varieties viz., ICGV-00351, KADARI-9, R-8808, R-2001-2, R-2001-3 and TMV-2 were analysed and results are presented in Table 2 and discussed below.
Physical Properties of Groundnut Pods
The physical properties of groundnut pods viz., roundness, perimeter, arithmetic mean diameter, geometric mean diameter, sphericity, surface area, square mean diameter, equivalent diameter, aspect ratio, bulk density and pod-vine ratio were determined for six groundnut varieties and presented in Table 2 . The mean bulk density of all the varieties was found to be 0.26 g cm -3 . The maximum bulk density of 0.27 g cm -3 was found for KADARI-9 while it was minimum (0.25 g cmwww.tjprc.org editor@tjprc.org six groundnut varieties was found to be 3.59 with a standard deviation of 0.13 and coefficient of variation of 3.58 per cent which are close agreement with the values reported by Aydin (2007) .
Mechanical Properties of Groundnut Pods
The force required to detach the pod from plant is a measure of the stripping force required for separating the pod.
The force of attachment of pod was measured using the standard tests and procedures as explained in previous section and results are tabulated in Table 3 .
It was observed that the mean value of force required to detach the pod from vine was maximum (6.15 kg) for KADARI-9, while it was minimum (2.6 kg) for TMV-2 variety at an average moisture content of 39.48 per cent. The standard deviation and coefficient of variation were found to be 1.37 kg and 30.67 per cent, respectively. Similar findings were reported by Chandio et al. (2013) .
Aerodynamic Properties of Groundnut Pod and Vine
The terminal velocity of groundnut pod and vine in a vertical air stream were measured and the corresponding values observed were statistically analyzed and presented in Table 4 . 
Frictional Properties of Groundnut Pod
The frictional properties of groundnut pods of different varieties viz., ICGV-00351, KADARI-9, R-8808, R-2001-2, R-2001-3 and TMV-2 were analyzed and presented in Table 5 . The angle of repose of groundnut pods ranged from 26.36° in TMV-2 to 29.09° in R-8808. The mean value for all the varieties was found to be 27.45° with a deviation of 
CONCLUSIONS
In this study, the engineering properties of freshly harvested groundnut varieties were determined. The results indicated that the geometric mean, arithmetic mean, square mean and equivalent diameter were found to be 14. 
